Over the next fifty years, the number of older adults is set to reach record levels. Protecting older adults from the age-related effects of cognitive decline is one of the greatest challenges of the next few decades as it places increasing pressure on families, health systems, and economies on a global scale. The disease-state of age-related cognitive decline-Alzheimer's disease and other dementias-hijacks our consciousness and intellectual autonomy. However, there is evidence that cognitively stimulating activities protect against the adverse effects of cognitive decline. Similarly, bilingualism is also considered to be a safeguard. We propose that foreign language learning programs aimed at older populations are an optimal solution for building cognitive reserve because language learning engages an extensive brain network that is known to overlap with the regions negatively affected by the aging process. It is recommended that future research should test this potentially fruitful hypothesis.
prevalence of neurodegenerative diseases, such as Alzheimer's disease, is also expected to increase. Conservative estimates of the prevalence of Alzheimer's disease are approximately 5% for those aged above 60 (Plassman et al., 2007) , meaning that by 2050 there will be at least 100 million older adults diagnosed with Alzheimer's disease worldwide (Ferri et al., 2005) . Moreover, the effects of age-related cognitive decline and disease are not limited to the affected individual but also place emotional and financial stress on family members and loved ones. Caring for older individuals who are unable to function independently has become a major health issue. As such, promoting optimal cognitive aging is of profound importance to both individuals and the field of public health, and protecting older adults from the age-related cognitive decline is one of the greatest challenges to be overcome in the next few decades. In this review, we will outline the aging-related benefits of two seemingly unconnected lines of research: cognitive training programs and multilingualism, and make the case that by synthesizing the two, foreign language learning could be an especially beneficial safeguard for ensuring healthy cognitive function in older adults.
Decline in cognitive abilities due to aging has been extensively documented (for a review see Craik and Salthouse, 2008) . The aging process typically involves cognitive decline related to brain atrophy (particularly in frontal regions and areas that subserve declarative memory), loss of neuronal synaptic connections, and signs of neuropathology associated with dementia (Drachman, 2006; Greenwood, 2007; Whalley et al., 2004) . The effects of aging are somewhat greater on cognitive processes supported by the prefrontal cortex than on processes that depend on posterior regions. Although procedural memory functions well in older adults (Mitchell and Bruss, 2003; Schacter, 1992) , the interaction between declarative and procedural memory, and the processing of implicit information is impaired (Harrington and Haaland, 1992; Nelson et al., 1992) . Increasing age is associated with decline across different domains of cognitive function (Cullum et al., 2000) , memory decline (Grady and Craik, 2000; Park et al., 1996; Prull et al., 2000) , poorer working memory (Park et al., 2002) , reduced verbal span (Bopp and Verhaeghen, 2005) , delayed verbal recall (Chodosh et al., 2002) , reduced information processing speed (Cerella, 1985; Eckert et al., 2010; Salthouse, 1996) , and increased variability (Morse, 1993) . Language and communication is also affected, including speech perception in real word environments (Wong et al., 2009) , speech production (Burke and Shafto, 2004) , comprehension of meaning (semantics) and vocabulary (Peelle et al., 2010; Wingfield et al., 2003) , grammar (syntax) (Smith, 2010) , and discourse (Federmeier et al., 2003) .
The effects of age-related cognitive declines largely result from age-related neuroanatomical (e.g., Gunning-Dixon and and neurophysiological changes (e.g., Cabeza, 2002; Cabeza et al., 2004; Greicius et al., 2004) , including changes in functional connectivity among brain regions (e.g., Rogers et al., 2007) . The brain network involved is extensive, including the prefrontal cortex and areas that subserve working memory and attentional processes (e.g., Gunning-Dixon and Raz et al., 1998) , the striatal dopaminergic system and measures of episodic and procedural memories, perceptual speed and executive functioning more broadly (Bäckman et al., 2010) , and the medial temporal lobe and structures associated with declarative memory (Jack et al., 1997) . Some researchers emphasize the role of neurobiological processes in age-related decline (Hedden and Gabrieli, 2005) , whereas others emphasize the importance of psychosocial factors (Pushkar et al., 1999) . Although distinct, these two sets of factors need not be incompatible. Reductions of gray matter in the elderly (e.g., due to neurodegenerative disease processes) have been linked to functional impairments (Raz et al., 2004) . Specifically, anatomical brain-imaging studies have demonstrated that reduction in gray matter volume in prefrontal cortex is associated with cognitive impairments in executive function tasks such as the Wisconsin Card Sorting Test and Tower of Hanoi (Gunning-Dixon and Raz, 2003; Raz et al., 1998) . In addition, studies of neurochemical markers have demonstrated that dopamine receptor binding accounts for the majority of age-related variance in tasks such as self-ordered pointing and trail making (Bäckman and Farde, 2005) . Older adults also show a decline in white matter, attributable to the gradual process of demyelinization (Raz, 2000) , and less efficient blood oxygen level dependent activations have been observed in older adults associated with nonselective recruitment of task-irrelevant brain regions (Logan et al., 2002) . The consequences of these degenerative neural processes are that older adults may ultimately lose their independence and come to rely on others in order to live their lives safely. The disease-state of such a decline-Alzheimer's disease and other cognitive disorders-not only hijacks our consciousness and intellectual autonomy, but also burdens families and health care systems.
Subtle cognitive deficits attributable to the very early stages of Alzheimer's disease may precede the actual onset of the disorder by more than a decade (La Rue and Jarvik, 1987) , making it difficult to distinguish cognitive declines that are due to Alzheimer's disease from those due to 'normal' age-related processes. The initial cognitive deficit in the majority of patients with Alzheimer's disease is a gradually progressive difficulty with learning and retention of new information, generally referred to as a deficit in episodic memory. This is consistent with the fact that the earliest pathological changes of the disease are the presence of amyloid plaques and neurofibrillary tangles in medial temporal lobe regions essential for normal memory (Braak and Braak, 1995; Drachman, 2006; Giannakopoulos et al., 1997) , such as the entorhinal cortex and hippocampus (Braak and Braak, 1998; Gallagher and Koh, 2011) . The transitive state between normal aging and Alzheimer's disease is termed mild cognitive impairment (MCI) (Petersen, 2011) , although the exact definition of MCI remains controversial (Albert et al., 2011) . There is increasing evidence that the pathology of Alzheimer's disease can take many years, if not decades, to evolve. This suggests that some individuals who appear normal (i.e., functionally asymptomatic) have gradually accumulating pathology. Indeed, the timing and rate of decline vary markedly across individuals (Salthouse and Ferrer-Caja, 2003) .
Geneticists, molecular neurobiologists, and pharmacologists have made fundamental advances to explain the pathogenesis of Alzheimer's disease, and treatments have been developed which are administered as soon as symptoms begin. However, recent clinical trials, the majority of which have focused on the use of pharmacological agents, have not been successful in delaying the onset or halting the progression of Alzheimer's disease (Selkoe, 2012) . Consequently, there are increasing calls to treat the disease, possibly in the form of preventive regiments, even before it has progressed to its mild to moderate stages (e.g., Bartus, 2000; Daffner, 2010; Hughes, 2010; Middleton and Yaffe, 2010; Selkoe, 2012; Thal, 2006) .
Boosting cognitive reserve may offset cognitive decline
While cognitive decline is prevalent among older adults, there exists variability in the timeline of the onset of cognitive difficulty, even when biological evidence seemingly suggests otherwise. In a study on anatomical and physiological changes associated with dementia and Alzheimer's disease, some participants, despite showing the physical markers of dementia (e.g., neocortical plaques), maintained a healthy and age-typical cognitive status (Katzman et al., 1988) . One possible explanation for this discrepancy between biology and behavior is that individual differences in cognitive reserve are responsible. Cognitive reserve is defined as resilience to neuropathological damage of the brain, and is thought to be the result of experience-based neural changes that are a consequence of a physically and mentally stimulating lifestyle . These studies are based on an extensive research literature on animal models which has demonstrated that interacting with a complex environment influences neurogenesis and dendritic complexity, and promotes cognitive abilities and the capacity to compensate for injury (Albert, 2007; Billings et al., 2007; Connor et al., 1981; Fan et al., 2007; Gould et al., 1999; Greenough et al., 1985; Kempermann et al., 1997; Van Praag et al., 2000; Volkmar and Greenough, 1972) . For example, physical activity has been found to regulate brain plasticity and, consequently, learning (Van Praag et al., 1999) . Environmental enrichment may re-establish access to long term memories even after significant brain atrophy and neuronal loss have occurred (Fischer et al., 2007) .
Although the mechanisms responsible are not fully understood (i.e., they may include synaptogenesis), the effectiveness of environmental enrichment is not disputed (Meshi et al., 2006) . Importantly, the global cognitive benefits of environmental enrichment have been observed in animal models of Alzheimer's disease (Arendash et al., 2004) . Similarly, spatial training in middle-aged mice has been demonstrated to delay the onset of neuropathology (Billings et al., 2007) . Increased cognitive reserve is thought to be responsible for such effects of environmental enrichment (Nithianantharajah and Hannan, 2006) .
Findings from the literature on environmental enrichment in animal models stand in parallel with research suggesting that lifestyle variables, such as cognitive leisure activities can moderate the risk of Alzheimer's disease, even later in life (e.g., Sattler et al., 2012; Verghese et al., 2003) . Higher levels of cognitive functioning have been associated with higher occupational status, continuing involvement in education, stimulating leisure activities, and physical fitness (Brayne et al., 2010; Foubert-Samier et al., 2012; Kramer et al., 2004; McDowell et al., 2007; Staff et al., 2004; Valenzuela and Sachdev, 2006) . Two central proposals have been offered to explain the mechanism by which cognitive reserve benefits the individual (Valenzuela and Sachdev, 2006) . The first possibility is that certain hardwired anatomical and physiological properties of an individual's brain may act as a protective mechanism by creating a higher threshold to sustain brain injury (Satz, 1993) . For example, cognitively intact individuals with neuropathology also had increased brain size and a greater amount of large neurons in the frontal, parietal, and temporal cortices (Katzman et al., 1988) . Structural brain differences have also been reported in MCI patients and these were linked to preserved cognitive abilities (Solé-Padullés et al., 2009 ). An alternative possibility is that cognitive reserve may reflect the brain's efficacious use of available resources and processing strategies. This view is supported by research suggesting that a lifetime of mental and physical enrichment may actively benefit the brain and subsequent cognitive processing of the individual, such that a brain with more cognitive reserve is able to use more efficient or alternative neural networks in the event of gradual brain decline (Stern, 2002) . Certain lifestyle variables can explain differences in cognitive status among older adults. There is converging evidence that physical exercise is one such lifestyle variable that leads to improved physical and mental health (Colcombe et al., 2003; Hillman et al., 2008; Kramer et al., 1999; Kramer and Erickson, 2007; Wingfield and Grossman, 2006) , and reduced risk of Alzheimer's disease even when initiated in later life (Scarmeas et al., 2009) . Similar positive effects of physical exercise have been observed in individuals diagnosed with MCI (Lautenschlager et al., 2010 ) and Alzheimer's disease (Heyn et al., 2004) .
Numerous studies have assessed mentally-stimulating lifestyle activities by incidentally evaluating a range of cognitive activities in which the participant might engage (e.g., reading books, going to lectures, playing board games, etc.) and developing a measure of the total hours spent doing these activities, adjusted for potentially confounding factors (Wilson et al., 2003 (Wilson et al., , 2002 . A common finding has been that older adults who regularly engage in intellectually stimulating exercises, such as reading newspapers and magazines, playing puzzle games, and going to museums, may delay or even reduce the occurrence of cognitive problems, including those related to dementia and Alzheimer's disease (Fratiglioni et al., 2004; Friedland et al., 2001; Scarmeas et al., 2001; Stern and Munn, 2010; Wang et al., 2002) . Such intellectually stimulating activities have also been shown to reduce hippocampal atrophy (Valenzuela et al., 2008) . In a study of 469 older adults (over 75 years), those who completed crossword puzzles four days per week had a 47% lower risk of developing dementia than those who completed puzzles only one day per week (Verghese et al., 2003) , and a similar finding has been reported for individuals with the amnestic form of MCI, a precursor of Alzheimer's disease (Verghese et al., 2006) . In a longitudinal investigation of 488 adults of which 101 developed dementia, it was found that each additional selfreported day of cognitive activity at baseline delayed the onset of accelerated memory decline by 0.18 years (Hall et al., 2009) . A meta-analysis of over 29,000 individuals showed that those with high cognitive reserve were 46% less likely to develop dementia than those with low cognitive reserve, and this held over a 7.1 year follow-up period (Valenzuela and Sachdev, 2006) .
Overall, it seems that a cognitively stimulating lifestyle yields positive cognitive outcomes, and this conclusion is consistent with prevalence studies that show that people with more years of education are at lower risk of developing Alzheimer's disease and other dementias. Hall et al. (2007) investigated the protective effect of education in 117 individuals with dementia as measured by the Buschke Selective Reminding Test, and found that each year of education delayed cognitive decline by 0.21 years. Snowdon et al. (2000) quantified linguistic ability in 74 older adults (aged 78-92 years) by examining biographies written in young adulthood (between the ages of 19 and 37). A negative correlation was found between linguistic ability in young adulthood and incidence of Alzheimer's disease in old age.
Incidental retrospective studies such as those reviewed above have raised the question of whether cognitively stimulating activities can be proactively administered to older adults in the form of cognitive training regiments (Stuss et al., 2007) . Improvements brought about by training are attributed to brain plasticity, defined as functional changes in neural processing, caused by alterations at the cellular and synaptic levels, based on environmental demands (Buonomano and Merzenich, 1998; Greenwood, 2007) . Cognitive training improvements have been demonstrated in younger adults for fluid intelligence (Jaeggi et al., 2008) , and structural brain alterations have been observed following relatively short term (5-day) training interventions (May et al., 2007) . Similarly, short-term working memory training has been associated with changes in the density of cortical dopamine D1 receptors in young adults (McNab et al., 2009 ). Importantly, training-related changes are not restricted to younger adults, and even when training occurs later in life, it can still yield positive cognitive outcomes due to brain plasticity in older adulthood. Oswald et al. (1996) compared cognitive and psychomotor training in 375 older adults (aged 75 and over) for 2-3 h, 1 day per week, for 30 weeks. Combined psychomotor and memory training yielded improvements in psychomotor performance and led to reduced symptoms of dementia. Such findings that plasticity occurs at all ages has led to the development of computerized cognitive training regiments aimed at older populations that promote optimal cognitive health (Carlson et al., 2009; Dahlin et al., 2008; Günther et al., 2003; Simpson et al., 2012; Wolinsky et al., 2006) including in individuals with MCI (Barnes et al., 2009 ) and Alzheimer's disease (Tárraga et al., 2006) . One such commercial program is LACE (Neurotone, 2011) , a four-week computer-based auditory training protocol which improves older subjects' ability to listen to speech in noise (Henderson Sabes and Sweetow, 2007) . Smith et al. (2009) compared over-65-yearolds who used the Brain Fitness Program (Posit Science, 2009) cognitive training software with a control group that viewed educational videos on history, art, and literature, and were quizzed on the content. Training occurred for 1 h per day, 5 days per week, over 8 weeks. The primary outcome measure was derived from the auditory subtests of the Repeatable Battery for the Assessment of Neuropsychological Status, and as expected, adults who trained using the Brain Fitness Program showed greater improvement. Performance improvements also generalized to untrained measures of memory and attention, and participants in the experimental group also reported improvements in cognitive functioning.
The positive effects of cognitive training techniques have also been shown to persist over time. Cognitive training studies with adults have shown that improvements in mental function last for months (or even years) post-training, when followed up with booster or 'refresher' sessions. Adults aged 65-94 who were trained to improve their memory, inductive reasoning, or speed of processing experienced enhancement, and those improvements were maintained for two years (Ball et al., 2002) . Similarly, adults over the age of 65 who received 10-day training sessions lasting 60-75 min, over 5 weeks in either memory, reasoning, or speed of processing experienced improvement which continued for a subsequent five years when followed up by a yearly booster session (Willis et al., 2006) . Adults aged 60 and over were tested on a series of auditory learning and memory tasks ranging from simple exercises dealing with acoustic building blocks to more complex auditory perception and speech comprehension training (Mahncke et al., 2006) . Training was adaptive to each individual's ability and consisted of a 1 h session, 5 days per week, for 10 weeks. Individuals who had experienced the active training program showed immediate improvements in not only the trained tasks, but also generalized improvement in global auditory memory, and importantly, at the 3-month follow-up, improvements had been sustained. Similarly, adults at a retirement residence were given a 14-week computerbased cognitive training program (Günther et al., 2003) . Despite the average age of the participants (mid-80s), the researchers observed improvements on all cognitive measures, and a marked improvement in learning verbal material and a reduction in interference tendency (a cause of memory loss) five months following the cessation of training.
These findings are evidence that cognitive training programs lead to unique cognitive enhancements that are not tapped by other activities. Encouragingly, those older adults who are at risk of neural dysfunction have shown sizeable positive responses to training (Valenzuela et al., 2003) . Positive effects of training interventions have also been found in individuals with MCI (Belleville et al., 2011; Clare et al., 2000; Greenaway et al., 2008; Hampstead et al., 2011 Hampstead et al., , 2008 Kinsella et al., 2009; Kurz et al., 2009; Troyer et al., 2008) and Alzheimer's disease (Bottino et al., 2005; Breuil et al., 1994; Clare et al., 2010) . Older adults with Alzheimer's disease who completed mental exercises such as arithmetic calculations and reading aloud showed improved scores on the Frontal Assessment Battery, a neuropsychological measure of executive functioning, as well as improvements in communication and independence relative to a control group (Kawashima et al., 2005) .
Despite converging evidence of the efficacy of cognitive training, some remain skeptical of its generalizability to improvements in cognitive ability in older adults or Alzheimer's patients (for a discussion see Fuyuno, 2007) . For instance, Owen et al. (2010) found no evidence of transfer effects after 11,430 adults (aged 18-60) completed an online training program for a minimum of 10 min per day, 3 days per week, over 6 weeks. The training was designed to improve reasoning, memory, visuospatial skills, and attention, but generalization to other cognitive domains did not occur. However, an important limitation of the Owen et al. study is that the training may not have been of sufficient intensity or length to yield transfer effects. Thus, although not all researchers agree on the generalizability of cognitive training, there is sufficient evidence to recommend cognitive training to older adults given its relatively low cost and risk and potentially large benefit. Two recent reviews of cognitive interventions in individuals with MCI concluded that cognitive interventions with a social component yield tangible and long-lasting benefits, and thus participation in cognitive and social activities is recommended (Petersen, 2011; Simon et al., 2012) .
Foreign language training as a cognitively stimulating exercise
We have reviewed findings that older adults who participate in cognitively stimulating activities, including proactively administered cognitive training, benefit from improved cognitive function, build cognitive reserve, and can delay the onset of more severe functional decline. The types of cognitive training that have been administered range from arithmetic and logic puzzles to social activities and board games. However, no study to date has examined foreign language learning as a type of cognitive training activity for older adults. We will make the case that foreign language learning in particular is likely to make a sizeable contribution to cognitive reserve, and in turn, healthy cognitive function. Our argument is based on evidence that has shown multilingualism to be a better predictor of cognitive ability than age, age at immigration, education, or gender (Kavé et al., 2008; Mohamed Zied et al., 2004) , and its effects can be seen across the lifespan (Green, 1998) . Older adults who speak two or more languages also tend to perform better on a variety of cognitive tasks. This advantage in cognitive ability is thought to depend on experience with two languages, which requires a somewhat different set of attention and control procedures in bilinguals compared to monolinguals (Green, 1998) . Consequently, bilingual older adults show a less steep decline in the slowing down of cognitive functions with age (see Bialystok, 2009 ), they outperform age-matched monolinguals on measures of executive functioning, such as the Simon task (Bialystok et al., 2004) , and these cognitive advantages have neurological correlates, such as maintained white matter integrity (Luk et al., 2011) . There is even evidence that bilingualism delays the onset of dementia by 4 years as compared to monolingual controls (Bialystok et al., 2007; Craik et al., 2010) . Bilingual patients diagnosed with probable Alzheimer's disease showed substantially more atrophy in temporal regions than did their monolingual counterparts, but were still able to function at the same cognitive level (Schweizer et al., 2012) . Thus, bilingualism, like engagement in cognitively stimulating lifestyle activities, may yield positive age-related cognitive outcomes. It is conceivable that benefits may also be observed in older adults who receive intensive training in a foreign language. We acknowledge that foreign language training initiated in later life may not lead to bilingualism per se, however, there is a great deal of evidence to suggest that the older adult brain retains plasticity (Boyke et al., 2008) , and thus, language training should yield tangible results.
Language learning engages an extensive network of the brain (Rodríguez-Fornells et al., 2009 ) that overlaps with the network of decline due to aging (e.g., Raz, 2000) . A number of cognitive processes are involved, such as working memory, inductive reasoning, sound discrimination, speech segmentation, task switching, rule learning, and semantic memory. The brain network involved in language learning in adulthood can be characterized into multiple major streams. The learning of new speech sounds (phonological contrasts) is associated with the dorsal audio-motor interface covering the posterior temporal region and the dorsal frontal lobe regions such as the ventral premotor cortex and posterior inferior frontal gyrus (IFG) (Hickok and Poeppel, 2007; Wong et al., 2007) . The acquisition of meaning involves the ventral stream, including medial, inferior, and anterior temporal regions (Saur et al., 2008; Wong et al., 2010) , as well as regions in the IFG for semantic retrieval and additional complex processing (Thompson-Schill, 2003) . Word learning also often involves a fast mapping process between sound and meaning which is associated with the medial temporal lobe (Davis and Gaskell, 2009; Markson and Bloom, 1997; Ullman, 2001 ). The learning of grammatical rules (syntax) is linked to the frontostriatal system (Tyler et al., 2005; Ullman, 2001 ). Furthermore, additional attentional resources are needed especially during the initial phases of learning which might result in the engagement of the prefrontal cortex (Ellis, 2008; Ullman, 2001) . The exact functional roles of these streams are not always uncontroversial, however, few would deny that the acquisition of a new language involves a large brain network with regions similar to those described above.
Second language learning largely involves the same neural structures as the native language, although this is modulated by age of acquisition and second language proficiency (Abutalebi, 2008) . It is also important to distinguish between the brain regions involved in second language processing (such as syntax and grammar networks), and those structures responsible for controlling the first and second language networks themselves (Abutalebi et al., 2012; Green, 1998) . In terms of grammar processing, both high and low proficiency bilinguals engage the same neural structures for the native and second languages, but those who acquire the second language later in life typically show additional activity in left prefrontal areas (Abutalebi, 2008) . In terms of syntax, learners have been shown to recruit brain areas related to native language processing (such as the left IFG) following only 6 months of foreign language learning (Indefrey et al., 2005) . Structural changes have been observed in the parietal lobes as a result of foreign speech sound learning (Golestani et al., 2007) . In general, lexical tasks result in more left prefrontal activity when the learner has not achieved native-like competence, but as proficiency increases the brain activity of the first and second languages converges (Green, 2003) . Indeed, increasing proficiency has been linked to functional changes in language-related brain regions, such as the left prefrontal and parietal areas (Chee et al., 2001; Mechelli et al., 2004; Perani and Abutalebi, 2005; Yetkin et al., 1996) .
It is important to note that the positive bilingual outcomes in older adults reviewed above (e.g., Bialystok et al., 2007) concerned those individuals who spoke two or more languages over the course of a lifetime, and the studies were performed retrospectively (with regard to the subjects' language learning). Whether or not bilingualism initiated later in life (through foreign language training) could improve cognitive functions remains to be investigated prospectively. Evidence from young adult learners suggests that foreign language training initiated in adulthood induces structural brain changes. Stein et al. (2012) examined learning-related structural changes in English native speakers (aged 18 years) following five months of foreign language learning and found a correlation between proficiency in Swiss German and gray matter density in the left IFG and the left anterior temporal lobe (ATL). The left IFG has been linked with increasing second language proficiency in semantic (Perani et al., 1998) and syntactic tasks (Sakai, 2005) , and the left ATL has been linked with integrating semantic information (Vigneau et al., 2006) and holding information in memory before consolidation processing (Miyashita, 2004) . Mårtensson et al. (2012) examined Swedish native speakers (aged 21 years) after three months of intensive training in an unfamiliar language (Dari, Russian or Arabic). They observed significant changes in cortical thickness in the fronto-temporal cortex of the left hemisphere, indicating that adult foreign language learning is accompanied by increases of gray matter volume in languagerelated areas. Plasticity was also observed in the hippocampus and left superior temporal gyrus (STG), consistent with findings in the bilingual literature that neural changes resulting from foreign language learning may constitute the mechanism behind the delaying effect of bilingualism on the onset of dementia (e.g., Craik et al., 2010) . A tantalizing possibility is whether proactively administered foreign language learning in older adults may result in brain changes that can ultimately lead to a cognitive protective effect. We believe that such training can be effective not only because various cognitive training activities initiated later in life have been shown to result in cognitive improvement, but also because language learning targets a widespread neural network that overlaps with the neurocognitive network that has been found to decline, extending beyond the network of executive control. Through mechanisms of microanatomical plasticity, training would result in better cognitive outcomes.
As a starting point, we put forth the following hypothesis concerning how foreign language learning might modulate neural plasticity for optimal cognitive gain in older adults. Aging is associated with various symptoms of decline, ranging from the general (e.g., reduced working memory availability and attention) to the language-specific (e.g., slower lexical retrieval). Language learning is a form of behavioral stimulation that engages an extensive network and naturally incorporates social aspects that have been shown to be effective in inducing positive cognitive outcomes (e.g., Pushkar et al., 1999) . The language learning network overlaps substantially with the network of decline seen in cognitive aging, including structures on the lateral surface of the brain (prefrontal cortex, IFG, and temporal lobe) as well as medial and subcortical structures. Language learning may promote positive neurophysiological changes within the network, via synaptic processes that are commonly associated with neuronal plasticity and repair (e.g., Merzenich et al., 1984; Recanzone et al., 1992) . Structural plasticity is subserved by cellular mechanisms including synapse formation (Knott et al., 2002) , growth and retraction of dendritic spines (Hofer et al., 2009) , axonal remodeling (Holtmaat and Svoboda, 2009 ), astrocyte modifications (Theodosis et al., 2008) , and potentially neurogenesis (Ming and Song, 2005) . It has been suggested that the dendritic spines of pyramidal neurons (which are important for long distance neural connections) in the cerebral cortex may be the sites of synapses that are selectively modified by learning (Yuste and Bonhoeffer, 2001 ). This position is consistent with research on animal models that has documented experience-dependent changes in the adult brain following short-term training (Black et al., 1990; Lerch et al., 2011; Quallo et al., 2009 ), including differences in long term potentiation (Matsuzaki et al., 2004) . Work on humans has corroborated that training-related changes in tissue microstructure are likely to lead to recruitment of more efficient brain networks, and are linked to physiological and cognitive outcomes (Hofstetter et al., 2013; Sagi et al., 2012) . These brain changes are unlikely to occur in isolation because plasticity of regional brain volume likely reflects a cascade of changes in dendritic branching, synapses, cell numbers, cell sizes, and capillaries (Lövdén et al., 2013) . Increases in brain volume and connectivity between regions involved in the foreign language learning process are likely to reflect synaptogenesis and changes in dendritic morphology, and may result in a transfer of cognitive benefits to other non-language related domains. Foreign language training may engage a larger brain network than other forms of cognitive training that have been investigated (e.g., math and crossword puzzles), and it is likely to require long distance neural connections. The end result of foreign language learning may be that language function is promoted, the integrity of the brain structures involved is maintained, and a greater number of potential neural circuits could be available that allow for compensation of age-related cognitive declines. The neural hypothesis here is obviously preliminary, but provides an exciting starting point for language-related research in older adult learners.
Special considerations for older learners
Taken together, a large body of research studies point to the fact that cognitive decline and the accompanied brain network are extensive. Some older adults show less of a cognitive decline profile, including those who engage in active cognitively stimulating activities and those who speak more than one language. Because even the older adult brain is plastic, it is possible that initiating language learning will not only improve language-related functions but also improve cognitive functions in older adults. Given the need to develop preventive treatment for Alzheimer's disease and other cognitive disorders, training older adults who have agetypical cognitive abilities might lead to improved clinical outcomes. In order to test this possibility it will be necessary to compare healthy older adults with those who have neurodegenerative diseases (e.g., Alzheimer's disease) or suffer from other conditions that may hinder learning (e.g., depression). Despite the cognitive and practical benefits of second language learning, no studies have examined both second language learning and cognitive ability in older adults along the same timeline. Indeed very little research has been conducted on older language learners (above age 65) at all. The adult learning literature equates older learners (e.g., 65-year-olds) with young adults (e.g., 25-year-olds), and in doing so conflates the known learning differences between younger and older learners (for a review see Krashen et al., 1979; Marinova-Todd et al., 2000) . Adult learners differ from child learners in four key ways (Knowles, 1973) : they are self-directed and do not depend on the teacher to guide their learning, they benefit from experiential learning, they have already acquired the basic skills needed to succeed in life and absorb information on a 'need to know' basis, and adults are more performance-centered in their learning (e.g., speed, in-depth analysis, vocabulary).
Older adults also face biological and physical challenges to learning. Recent advances in functional brain imaging have made it possible to examine whether older adults show the same types of brain-behavior relationships observed in younger adults. It appears that they may not. Older adults instead demonstrate patterns of activation that may reflect compensation for a reduced ability to meet the demands of cognitively challenging tasks, or an agerelated shift in cognitive strategy (Reuter-Lorenz and Sylvester, 2005; Rypma and D'Esposito, 2000) . For example, some functions represented unilaterally in the brains of young adults are bilaterally represented in the brains of older adults . More generally, factors such as cognitive decline, auditory and visual problems, and other health issues (including cardiovascular risks, genetics and lifestyle) may prevent older adults from fully benefiting from traditional learning situations originally designed for young learners (Knowles, 1973) . Mixed classroom settings (including both young and older learners) may not be the optimal environment for the older learners because they may feel that their abilities are deficient, which in turn lowers confidence and motivation (Marinova-Todd et al., 2000) . Similarly, older learners may not fare as well on memorization and rote learning tasks, and competitive exercises involving speed (Schleppegrell, 1987) .
Another important consideration is the prior level of education of the subjects. The protective effect of bilingualism on age-related cognitive decline appears to be greatest for low education individuals (Gollan et al., 2011) . Encouragingly, structural brain changes have been found in highly educated young adults following foreign language training (Mårtensson et al., 2012; Stein et al., 2012) . Taken together, these findings suggest that effects could potentially be observed in older adults of varying education levels who learn a foreign language. In order to maximize foreign language outcomes and the associated benefits, it may be necessary to customize the training to suit individual learning profiles (Wong et al., 2012) .
In the past, it was thought that adult learners were incapable of acquiring a foreign language (Lenneberg, 1967; Penfield and Roberts, 1959) , although researchers now acknowledge that the language learning apparatus remain intact across the lifespan, and that adult language learners benefit from their experience-based linguistic knowledge, increased higher-order brain development, and more complex cognitive processing (Schleppegrell, 1987; Singleton and Lengyel, 1995) . Motivation also plays a larger role in determining language learning success in older adults (MarinovaTodd et al., 2000) . Therefore, it is crucial to identify the optimal learning method for older learners, namely by ensuring that older learners are motivated, that the material has immediate practical value and is personally rewarding (Grognet, 1997; Hamil-Luker and Uhlenberg, 2002; Homstad, 1987) . Bearing this in mind, language learning is an ideal training activity for older learners because it has the associated benefits of being meaningful (an advantage over other cognitive training approaches) and it may expand postretirement activities (e.g., improve travel, business interactions, and communication with speakers of other languages).
The method of delivery could be customized to meet the needs of individual learners. Computer-based language training has the advantages that it may be administered in a location and at times convenient to the learner, items may be repeated, volume may be adjusted to an optimum level for each learner, and it brings with it other benefits. For example, simply training older adults to use computers and the internet twice a week over four months has been found to contribute to well-being and sense of empowerment (Shapira et al., 2007) . In addition to computer-based learning, regular social meetings guided by a native-speaking instructor are an essential component of any foreign language training regiment, and permit learners to practice and develop their language skills with other learners. Our review has established the importance of psychosocial factors on neurobiological decline. The social and communicative aspects of language training may provide a further boost to the expected linguistic effects, ultimately generating a larger effect than other cognitive activities, such as completing crossword and math puzzles.
Future directions
Given the gaps in the literature concerning language learning as a cognitive-reserve-building activity, and the paucity of studies involving older adult language learners, a useful line of future research would be to determine whether cognitive improvements can result from language learning in older adults (aged 65 and over). The proposed research has two overarching aims. The first is to determine whether foreign language learning initiated in later adulthood can result in improvements in cognitive functions (working memory, attention, and inhibitory control) measured objectively and by self-report, and the second is to compare the magnitude of the observed improvements with other cognitively stimulating activities (e.g., crossword puzzles/math problems), as well as a passive control baseline in which no training is provided.
It would be necessary to investigate learning success and also the longevity of the cognitive benefits of language training on working memory, processing speed, task switching, and inhibitory control using standardized cognitive tests at baseline, after training, and at several time points beyond the cessation of training. Successful foreign language learning requires that training be high intensity so as to drive proficiency. This means that in order for language learning to contribute to cognitive reserve, language training sessions will need to be of sufficient length and frequency (see discussion of Owen et al., 2010) . Structural changes in the brains of adult learners have been reported well within the first year of foreign language learning, after only three (Mårtensson et al., 2012) and five months (Stein et al., 2012) . We would expect to see effects in older adults within a comparable timeframe. In reference to older language learners, in an unpublished doctoral dissertation, LinhartWegschaider (2010) asked older adults to learn Mandarin via audio tapes for 30 min per day, 30 days per month, over 3 months. Based on these studies, learning-related changes in older adults should be expected within six months of commencing language training, with training occurring for 1 h per day, 5 days per week. Importantly, although such a language training schedule may not be sufficient for learners to attain native-like proficiency or improve executive functioning to the same extent as lifelong bilingualism, it is expected to yield statistically reliable cognitive improvements in measures of working memory and executive function.
If, as we hypothesize, foreign language training is shown to be effective in boosting cognitive reserve, the findings would lay the foundations for future investigations over a longer timeframe, allowing for detection of the incidence of dementia. We would predict that fewer subjects receiving foreign language training would develop dementia than those completing alternative cognitive training, such as crossword/math puzzles. Additionally, follow-up neural investigations would uncover the underlying brain mechanisms of cognitive resilience. Specifically, magnetic resonance imaging could be used to document training-related changes in gray matter in the dorsolateral prefrontal cortex, hippocampus, STG, and other areas of interest, which may be indicative of microanatomical changes such as synaptogenesis. Further, diffusion tensor imaging could be used to check white matter integrity and functional connectivity prior to and following language training. Changes may suggest modification in pyramidal cell projections. Traditionally, studies on the protection of individuals at risk for dementia have focused on mean level performance. Measuring subjects' cognitive profiles would allow researchers to ascertain which profiles benefit most, and it may be possible to use such predictors to customize language training protocols to maximize beneficial outcomes.
The risks of behavioral and psychosocial interventions such as that proposed are much smaller than those of pharmacological treatments. However, when recommending any intervention, it is necessary to consider any potential risks to subjects. One possible drawback is that foreign lexical items may compete with those of the native language during word retrieval (Ivanova and Costa, 2008) and this has been observed even after short-term foreign language immersion programs (Baus et al., 2013) . Bearing this in mind, we do not hesitate to recommend foreign language training as an intervention because the potential benefits far outweigh any risks. More effortful lexical retrieval is not likely to impact on the everyday lives of treatment subjects in any meaningful or noticeable way, whereas the resulting cognitive improvements certainly will.
Conclusion
In this review, we have outlined the cognitive benefits of stimulating lifestyle activities and proactively administered cognitive training programs, and also of multilingualism. The review led us to propose that foreign language learning is likely to be particularly beneficial in promoting healthy cognitive function and protecting against decline because it combines elements from these separate, but beneficial, research literatures. Specifically, a line of research investigating language training as a type of cognitive-reservebuilding activity in older adult learners is needed to quantify the benefits of language training on age-related cognitive decline as measured by standardized tests and self-report. Such a line of scientific inquiry would reveal if foreign language learning contributes to cognitive reserve and promotes healthy cognitive aging. The knowledge gained may inform second language teaching practice, potentially benefiting older adult students. The findings would add to the current literature on the learning potential of the elderly community, fill a societal need for language-learning opportunities specific to older learners, and also contribute to ensuring healthy cognitive function in older adults.
